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through a single leucine side chain in a deep pocketSwivels and Stators in the
between the sheets. Such minimal side chain contactHsp40-Hsp70 Chaperone Machine supports the generic mode of client protein binding that
has been observed for Hsp40s.
The challenge now is to determine how Hsp40 and
Hsp70 domains assemble into a working machine. Sha
The basis for promiscuous binding by Hsp40-class and coworkers previously solved the structure of a dimer
molecular chaperones has been revealed by the X-ray of  sandwich domains from the yeast Hsp40 Sis1 (Sha
structure of a peptide bound to the client protein bind- et al., 2000). Biochemical and ultrastructural studies
ing domain of the yeast Hsp40 Ydj1. A model for the suggest that the peptide binding domain of the yeast
Hsp40 dimer in a bivalent association with the client Hsp70 Ssa1 snuggles into a large cleft between the
protein and Hsp70 raises the question of whether the monomers, and the association is stabilized by a flexibly
Hsp40-Hsp70 chaperone machine should be regarded tethered 15-residue “anchor motif” at the C terminus of
as a molecular motor. Ssa1 (Qian et al., 2002). The Ydj1 fragment in the new
structure is a monomer because the authors introduced
a mutation that disrupts the dimer, but a model of theSnapshots of dynamic features in the Hsp40-Hsp70
Ydj1 dimer based on Sis1 shows the Zn2 binding do-chaperone machine suggest how ATP hydrolysis could
mains protruding into the cleft (Figure 1). Nevertheless,generate forces that modify client protein structures and
the large molecular dimensions of the cleft and the un-interactions. In this issue of Structure, Sha and cowork-
certainties of its size and shape in solution leave plentyers (2003) provide the first glimpse of a client polypep-
of room to accommodate the Ssa1. The speculativetide bound to a fragment of Ydj1, a member of the
model originally proposed for Sis1 showed an extendedHsp40-class of molecular chaperones.
segment of client polypeptide bound to both Ydj1 mono-Hsp40s are a subset of the J-domain-containing pro-
mers, spanning across the cleft, and clasped in the mid-teins that collaborate with Hsp70s in the management
dle by Ssa1 (Figure 1, Step 1). If we accept this premise,of protein folding, assembly, membrane translocation,
then how do the J-domains and Ssa1 ATPase set theand degradation (Kelley, 1998). Whereas the Hsp70
machine in motion?binding J-domain is the defining characteristic, the non-
The peptide binding sites of Ydj1 may act like a work-J-domains determine which cellular process will be en-
bench while its J-domains couple ATP hydrolysis togaged. The domain structure of J-domain-containing
force generation by Ssa1. The J-domain couples ATPproteins varies enormously. The J-domain is located
hydrolysis to polypeptide capture by Hsp70s (Wittung-at the amino terminus of Hsp40s, between membrane
Stafshede et al., 2003), and the capture step is charac-spans in Sec63 (involved in protein translocation into
terized by a significant conformational change in thethe endoplasmic reticulum), and at the carboxy terminus
Hsp70 (Wilbanks et al., 1995), most likely involving thein auxilin (involved in clathrin uncoating).
reorientation of its ATPase and peptide binding domainsThe new structure from Ydj1 contains the three most
(Figure 1, Step 2). Flexible glycine-rich swivels betweentypical non-J-domains found in Hsp40s, the distinctive
the J-domain and the rest of Ydj1 and between Ssa1 andZn2 binding domain and two  sandwich domains.
its anchor motif probably allow a dynamic associationStructures of each have been previously published, but
between Ydj1 and the reorienting Ssa1. The capturenow we see them together forming an L-shape, with the
step is likely to wrench the client polypeptide free of atZn2 binding domain at the base and the  sandwiches
least one of its Ydj1 binding sites. When a new moleculein the upright of the L (Figure 1). The central  sandwich
of ATP binds to Ssa1, the client polypeptide can reasso-domain interacts with a synthetic peptide that was iden-
ciate with Ydj1, potentially using different binding sitestified by bacteriophage “panning.” The peptide adopts
from the ones used in the previous complex (Figure 1,an extended conformation so that it can form a new 
compare Steps 1 and 3). An external force acting onstrand alongside one of the sheets in the sandwich, and
it makes its most intimate sequence-specific contact the polypeptide, such as protein folding or membrane
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sites in the E. coli Hsp40 DnaJ found that only site II
was essential in vivo, and the authors suggested that
site II was involved in the interaction with E. coli Hsp70
DnaK (Linke et al., 2003). Interestingly, the new Ydj1
model positions the two sites II over each of the cleft’s
side openings, thereby creating a stereo-specific cup
into which Ssa1 could insert. While Ssa1 is in the cup
and binding to the polypeptide, it would be held rigid
in relation to the Ydj1 peptide binding sites. After release
from the client polypeptide, Ssa1 could dissociate from
the complex because the Zn2 sites II make less favor-
able contacts, and the J-domain and anchor motif have
very low affinity for Ssa1. Sis1 has a glycine/methionine-
rich (G/M-rich) domain instead of the Zn2 binding do-
main, and this difference is associated with distinct cel-
lular roles (Lopez et al., 2003). In their function as stators,
the Zn2 binding domains in Ydj1 and the G/M-rich do-
mains in Sis1 could regulate the transmission of force
from Hsp70 into different polypeptide clients.
It remains unclear whether the Hsp40-Hsp70 chaper-
one machine functions as a molecular motor in any pro-
cess, nor has it been established that it uses force gen-
eration to disassemble protein structures. Do any
biological processes involving the Hsp40-Hsp70 ma-
chine require such activities? For example, is there a
need for Hsp70 to drive unfolding and translocation of
proteins into mitochondria (Neupert and Brunner, 2002)?
In the case of the Hsp10-Hsp60 chaperonin, an ongoing
debate considers whether the chaperonin simply con-
strains the conformational space accessible to the pro-
tein or whether it also actively unfolds misfolded poly-
peptides (Wang and Weissman, 1999). Further scrutiny
of the Hsp40-Hsp70 machine may justify its inclusion
with myosin and kinesin among the bona fide molecular
motors.Figure 1. Model for Operation of the Ydj1-Ssa1 Chaperone Machine
Step 1: Formation of a ternary complex composed of Ydj1 (blue),
Ssa1 (red), and client polypeptide (white). Ssa1 makes two swiveling Samuel J. Landry
contacts with Ydj1, the ATPase domain of Ssa1 to J-domain of Ydj1 Department of Biochemistry
and the C-terminal anchoring motif of Ssa1 to the C-terminal region Tulane University School of Medicine
of Ydj1. The client polypeptide is illustrated as binding with opposite
1430 Tulane Avenuepolarity to each of the two Ydj1 binding sites, and thus it would
New Orleans, Louisiana 70112have to H-bond in parallel fashion with the  sheet in the site at left.
Step 2: Ssa1 captures the client polypeptide; the peptide binding
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